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CATEGORY IV - NEW FIELD TECHNIQUES
Moderator's Report by
R. Dobry, Associate Professor
Rensselaer Polytechnic Institute
The subject of this session is liquefaction of soils.
In addition to the Stateof-the-Art paper by Finn (Vol. II, p. 655),
twenty papers were submitted to the session.
I have subdivided these twenty
papers into five categories, as follows:

(17)
(18)
(19)

"Dilation Angle and Liquefaction Potential," by Vaid, Byrne and Highes (Vol. I,
p. 161).
"Acoustic Identification of Liquefaction
Potential," by Roe, De Alba and Celikkol
(Vol. I, p. 199) .
"Macroscopic Approach to Soil Liquefaction," by Wang (Vol. I, p. 179).

CATEGORY V - LIQUEFACTION DUE TO BLASTING
CATEGORY I - ANALYTICAL STUDIES AND MODELS
(20)
(1)
(2)
(3)
(4)
(5)
(6)

"A Parametric Study of an Effective Stress
Liquefaction Model," by Martin, Lam,
McCaskie and Tsai (Vol. II, p. 699).
"Undrained Behavior of Cohesionless Soils
Under Cyclic and Transient Loading," by
Luong and Sidaner (Vol. I, p. 215).
"Liquefact.ion Analysis of Sand Deposits
Based on Cyclic Elasto-Plasticity," by
Oka and Murase (Vol. I, p. 151).
"Dynamic Behavior of Sandy Soil and
Liquefaction," by Sato, Shibata and Ito
(Vol. II, p. 683).
"Mechanism of Soil Liquefaction," by
Wa:1s (Vol. I, p. 221).
"Uniform Cycles in Earthquakes-A Statistical Study," by Haldar (Vol. I, p. 195).

CATEGORY II - LABORATORY STUDIES
(7)
(8)

"Liquefaction Characteristics of Undisturbed Soils," by Campanella and Lim
(Vol. I, p. 227).
"Effects of Materials Properties on Soil
Liquefaction," by Ishibashi, Sherif and
Cheng (Vol. I, p. 231).

CATEGORY III - FIELD STUDIES INVOLVING STANDARD
PENETRATION TEST (SPT) AND STATIC CONE PE:->!ETP.ATION TEST (CPT)
(9)

(10)
(11)
(12)
(13)
(14)
(15)

(16)

"Soil Liquefaction Potential Evaluation
with Use of the Simplified Procedure," by
Iwasaki, Tokida and Tatsuoka (Vol. I,
p. 209).
"Field Correlation of Soil Liquefaction
with SPT and Grain Size," by Tokimatsu and
Yoshimi (Vol. I, p. 203).
"Influence of Fines on Evaluating Liquefaction of Sand by CPT," by Zhou (Vol. I,
p. 167).
"Analysis for Liquefaction: Empirical
Approach," by Yegian and Vitelli (Vol. I,
p. 173).
"Assessment of Liquefaction Potential
Based on Seismic Energy Dissipation," by
Davis and Berrill (Vol. I, p. 187).
"Comparative Studies of Soil Liquefaction
Potential During the 1970 Peru Earthquake," by Carrillo-Gil (Vol. II, p. 687).
"Soil Liquefaction Seismic Risk Analysis
Based on Post 1979 Earthquake Observations in Montenegro," by Talaganov,
Petrovski and Mihailov (Vol. II, p. 691).
"Site Analysis for Seismic Soil Liquefaction Potential," by Forrest,
Ferritto and Wu (Vol. I, p. 155).

"Potential for Liquefaction Due to
Construction Blasting," by Long, Ries
and Michalopoulos (Vol. I, p. 191).

During the session in St. Louis, each one of
the twenty papers were presented by this moderator. This is not necessary here, as all
papers are included in Volumes I and II.
Therefore, I will discuss briefly below selected aspect of some of the papers, including
the State-of-the-Art paper, and will give some
personal opinions on the subject of liquefaction.
In paper (2), Luong and Sidaner propose the very
interesting concept of a "characteristic line"
in the p-q plot, for interpreting results of
undrained cyclic loading tests.
This line
separates regions of contractive and dilative
behavior of the soil.
It seems to me that this
characteristic line may reflect the same basic
concept defined by Ishibashi as a "line of
phase transformation", which is mentioned in
page 660 of the State-of-the-Art paper.
In paper (6) , Haldar computes the equivalent
number of cycles of 69 accelerograms, and he
correlates this parameter with earthquake magnitude.
In his Figure 2, page 197, the author
compares his curves with the correlation proposed by Seed and Idriss (1971), and he
concludes that Seed and Idriss underestirrated
the value of N
for a given earthquake magnieq
tude.
The author seems to have used a Factor
of Safety, FS=l against liquefaction, by assuming that one cycle of the peak acceleration
or shear stress would cause liquefaction.
On
the other hand, in a similar statistical study
done recently by Seed, Idriss, Makdisi and
Bannerjee (1975), they used a FS=l.5, and they
obtained a correlation very similar to that presented by Seed and Idriss in 1971. Therefore,
the discrepancy between Haldar's and Seed and
Idriss' correlations may perhaps be explained by
the different factors of safety used to construct the curves.
In paper (10), Tokimatsu and Yoshimi discuss the
SPT values obtained in Japan by the trip monkey
and the rope and drum methods, respectively, and
they conclude that they are similar, as illustrated by their Figure 2 in page 204.
On the
other hand, data reported from the US suggest
that the two methods give blowcounts values
differing by about 80%.
The authors suggest
that this discrepancy may be explained by the
differences between the rope and drum method as
used in Japan and the United States. This subject is very important, due to the strictly
empirical nature of the SPT, and to our present
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increased use of constant volume cyclic
simple shear testing, which simulates
better many field situations and does not
have a membrane compliance problem, (b)
an understanding of the importance of membrane compliance effects in triaxial
tests, and the realization that the cyclic
strength of gravels is not so different
from the cyclic strength of sands, after
all, and (c) an increased use of straincontrolled testing to model and predict
pore pressure generation during irregular
cyclic loading.
Since Silver and Seed
(1971) and Youd (1972) demonstrated 10
years ago that cyclic strains rather than
cyclic stresses control densification of
dry sands, we seem to be corning more and
more to a similar conclusion for saturated
sands in undrained conditions:
Cyclic
strains rather than cyclic stresses control the generation of pore water pressures, at least for level ground conditions.

dependence on this test for liquefaction potential evaluations.
Papers number (9), by Iwasaki, Tokida and
Tatsuoka, number (10), by Tokirnatsu and
Yoshirni, and number (11), by Zhou, point out
that empirical correlations between SPT or CPT
and cyclic strength, originally developed for
clean sands, are inadequate for silty sands.
This conclusion was arrived at independently by
th7 autho:s, and :eflects both the Japanese and
Ch1nese l1quefact1on experiences. The evidence
seems to suggest that, if a clean sand and a
silty sand have both the same value of SPT or
CPT, the silty sand will have a greater resistance to liquefaction, other things being
equal.
In paper (18), Roe, De A~ba and Celikkol propose the use of cornpress1on wave measurements
in the field to determine the liquefaction resistance of the soil. They state that a
method like this would be especially attractive
for marine sand deposits offshore.
The authors
present laboratory evidence confirming that
P-wave velocity, VP, is relateu to liquefaction
resistance.
In my opinion, the basic idea present7d by the authors is sound, as cyclic shear
stra1ns control pore pressure buildup during
cyclic loading, and the values of those strains
in the field should be related to the rigidity
of the soil structure. However, and as the
authors point out, P-waves in saturated sands
t:avel ~ainly i~ the fluid phase and provide
l1ttle 1nforrnat1on on the soil structure.
This
is re~lected in their Figure 2, page 201, where
the d1fferences in the measured velocities , Vp'
are of the order of 1%, while the corresponding
cyclic strengths were almost doubled. Why do
not go to shear wave measurements instead
which provide information directly about the
stiffness of the sand skeleton? I will come
back to this idea later. However, let me point
out that P-wave measurements in the field may
be extremely useful to determine if the sand is
fully saturated, as was stated by Silver in his
State-of-the-Art presentation in Session lA.
~he degree of saturation of sands in the field
1s a very important piece of information and
the State-o~-t~e~Art report by Finn clearly
shows t~e s1gn1f1cant influence saturation has
on cycl1c strength (see Figure 20, in page 664).
Now I would like to comment on the State-of-theA:t report prepared for this Session by Prof.
F1nn. He has covered most of the major develo~
rnents o~ the.last.4-5 years, and I certainly
agree w1th h1s rna1n conclusions. Let me go
again over three of the points he mentioned:
1.)

2.)

A theory of pore pressure buildup and of
liquef~ction has been developed based on
effect1ve stress concepts and drained
parameters.
This is a major step forward
n~t only b7cause it has given us the dyna~
rn1c effect1ve stress analysis technique,
but also because it has considerably improved our understanding of the liquefaction phenomenon.
~ssociated

with this we have seen some
1rnportant developments and trends in the
laboratory. They have included:
(a) the

3.)

The realization that a number of soil
parameters, in addition to relative density
and effective overburden pressure, jointly
determine the liquefaction resistance of
sands in the field, is certainly a very
important development.
Now we know that
relative density is only one of several
factors, which include OCR and lateral
stress conditions, geologic age and seismic preshaking.
This has complicated the
picture significantly, it has raised
doubts on the validity of stress-controlled tests on reconstituted samples, and
has increased even more the importance of
empirical correlations and of the SPT.
It
has also enhanced the need for collecting
as much information as possible about the
geologic and seismic history of each site.

As a consequence of point 3.) above, there is
presently a strong trend for the development of
in situ testing techniques, so as to measure
liquefaction resistance directly in the field.
Some papers presented to this session include
so~e of these field methods.
In situ techniques;
wh1ch have been proposed include SPT, CPT,
pressurerneter tests (to measure lateral stress
and/or dilation angle) , piezometric cone shear
wave velocity, Vs , compression wave velo~ity ,
Vp, and formation factor using an electric
probe. Some of these methods (SPT, CPT) are
strictly empirical.
Others, like Vs' v p' and
the electric probe, attempt to measure fundamental soil parameters related to the developrn7nt of pore pr:ssures during cyclic loading.
F1nally, there 1s a third group (piezometric
cone, dilation angle by pressurerneter) which
aims at determining the dilative or contractive
behavior of the soil at very large strains.
L7t me say a few words about the measurement in
s1tu of the shear wave velocity of the saturated sand, Vs, and through it of the shear
modulus of the soil at small strains G
2
'
max
~ Vs .. In ~y op~nion, this field technique,
1n conJunct1on w1th the strain approach to
liquefaction mentioned in Finn's State-of-theArt report, looks extremely promising (see
also Dobry and Ladd, 1980; Dobry, Powell,
Yokel and Ladd, 1980). The argument for
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measuring Vs and Gmax in the field is the
following:
We estimate liquefaction potential
at a site for a given design acceleration, and
therefore we can readily estimate the level of
cyclic shear stresses acting on the soil. But
pore pressure generation depends on the cyclic
strains and not on the cyclic stresses.
Therefore, for a given ground acceleration and earthquake duration, a stiffer sand layer will
develop smaller pore pressures and will be more
resistant to liquefaction, because it develops
smaller strains.
G
is a direct measure of
max
this stiffness in the field, and, therefore, is
a good measure of liquefaction resistance.

predicted from the resulting volumetric strains
obtained from the constitutive model.
The use of a realistic constitutive relationship
will indeed improve our ability to predict the
development of pore pressure under earthquake
loading.
In this paper, however, the need to
compress a complex development into limited
space has left several questions unanswered
which affect its applicability to engineering
practice.
It would be helpful if the authors
could provide further information on the following topics:
l)
For a given site, how would the elastoplastic parameters M*, M*f' K, ~, G be determ
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The authors have incorporated a new elastoplastic model for cyclic behavior of sand into a
method for predicting pore-pressure buildup and
strain development in saturated sands subjected
to earthquake loading. Eight parameters are
required to characterize the soil in the proposed model which, in a companion paper to this
Conference (Oka and Washizu, 1981) , may be seen
to accurately predict the results of undrained
cyclic triaxial tests on sand.
In the proposed application to liquefaction
studies, induced stresses are related to inputmotion velocity, and pore pressure increases are

mined, considering the difficulties involved in
undisturbed sampling, or in sample reconstitution, for sands?
2)
For a given input motion, how sensitive are
the results to errors in the determination of
these parameters?
3)
For a given input motion how would variation of permeability, i.e. over an order of
magnitude, be reflected in the results?
4)
Can the proposed model account for the dissipation of excess pore water pressures and
consequent rise in the groundwater level after
the earthquake motion has stopped? As pointed
out by Seed et al (1975) some of the damaging
surface effects of liquefaction may occur during
this dissipation process.
5)
Does the proposed bi-linear post-failure
stress-strain relationship take into account the
effect of limiting strain potential, caused by
the tendency of medium-dense to dense sands to
dilate as shear strains increase (for ex. Seed:
1976)?
6)
Is the assumption of zero horizontal deformation in the soil deposit compatible with
the horizontal input shear motion assumed at the
base?
Finally, the authors are encouraged to continue
to develop this interesting method, to provide a
new tool for the practicing engineer.
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